Abstract: An eco-friendly simple and efficient synthesis of 3,3'-bis(indolyl)methanes was carried out by electrophilic substitution reaction of indole with structurally divergent aldehydes by using succinic acid as green catalyst and water as green solvent under microwave irradiation. The advantages of this protocol are excellent yields, higher availability, inexpensive catalyst, lack of toxicity, shorter reaction time and more environmentally friendly catalyst. The reaction is chemoselective applicable only to aldehydes.
Introduction
Indole frame work is featured in a wide variety of pharmacologically and biologically active compounds occurred in nature. 1 For example, bis(indolyl)methanes are found in cruciferous plants such as brococoli, 2 bioactive metabolites of terrestrial and marine origin e.g. vibrindole-A. 3 Bis(indolyl)methanes are known to promote beneficial estrogen metabolism and induce apoptosis in human cancer cell. 4a,b Other beneficial activities such as dietary supplements, 5 topoisomerase IIa inhibitors, 6 antibacterials, 7 antibiotics, 8 antifungal, 9 anti-inflammatory, 10 antimicrobialactivities, 11 agrochemicals, 12 and in material sciences as calorimetric sensors, particularly for various metals and fluorides. 13a, b Due to their broad range of biological applications, there is a great deal of interest in the synthesis of bis(indolyl)methane derivatives. Synthetically these compounds are obtained from the electrophilic substitution at 3-position of indoles with aldehydes and ketones. Over the past few years syntheses of this class of molecules under different conditions have been reported with promoters such as KHSO 4 -SiO 2, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] NBS, 30 P 2 O 5 /SiO 2, 31 NanoSiO 2 -Ultrasonicirradiation, 32 [Bmim]Br/microwave, 33 Zeokarb-225, 34 [n-However, most of these reported methods deal with toxic materials and solvents, high cost, long reaction time and burdensome work up procedures. Keeping in view of the tremendous importance of bis(indolyl)methanes there emerge a consistent demand of developing reaction conditions possessing readily available nontoxic materials, shorter reaction time, and green solvents as environmentally benign substitutes in this area. Microwave assisted organic synthesis (MAOS) has emerged as a new "lead" in organic synthesis. Organic chemists are concerned in the development of green procedures by using microwave irradiation under solvent free conditions or in water as a green solvent. Important advantage of this technology include highly accelerated rate of the reaction, reduction in reaction time with an improvement in the yield and quality of the product. 45a-f Making use of simply available and biodegradable catalyst for organic conversion has been achieving enormous significance in the last few years due to their operational simplicity, low cost, ease of preparation and handling, stability, lack of toxicity, environmental friendly, more importantly the fact that the efficiency and selectivity of these reagents meet the standards of established organic reactions. In this regard, succinic acid works as performing the role of perfect catalyst. Succinic acid is a common metabolite in plants, animals and microorganisms and has been used widely in the agricultural, pharmaceutical and industrial applications such as, resins, polymer, paints, cosmetics and inks. Succinic acid is widely used as an organo-catalyst because it is nontoxic, cheap, safe to handle, and easily biodegradable. 46a-f In continuation of our research and interest in the development of new highly expedient protocols 47a-d for the synthesis of fine chemicals and heterocyclic compounds of biological importance, we report here the synthesis of bis(indolyl)methanes from the condensation of various aldehydes with indole in the presence of succinic acid as organic catalyst and water as green solvent under microwave irradiation (Scheme1). 
Experimental
Melting points were determined on Perfit Melting Temperature apparatus and are uncorrected. The IR spectra were obtained by using Thermo Nicolet Nexus 670 FT-IR spectrometer in KBr pellets. Panasonic company microwave (2450 MHz frequency at a power output of 1000 W) was used for the microwave irradiation. The 1 H NMR and 13 C spectra were recorded on Avance 300 MHz spectrometer in DMSO using tetramethylsilane (TMS) as internal reference. All chemical shifts (δ) were reported in ppm from internal TMS. MS were recorded on Finnegan MAT 1020 Mass spectrometer operating at 70 eV. The hydrazonoyl halides 1 [12] [13] [14] [15] and methylhydrazones 3 9, 16 were prepared according to known literature procedures.
General procedure for synthesis of bis(indolyl)methanes (3a-t):
A mixture of indole (1) (2 mmol), aldehydes (2a-t) (1 mmol) and water (5 mL) succinic acid (10 mol%) was irradiated with microwave (300 W) for varying period of time as indicated in (Table3). After completion of the reaction as indicated by TLC, the reaction mixture was filtered and washed with water and recrystallized using ethanol to obtain the corresponding bis(indolyl)methanes (3a-t). All the products were well characterized by 1 H-NMR, mass spectral analysis and were found to be identical with those reported in the literature. 14, 17, 35, 38, 44 . The following compounds were synthesized using this method: 
3,3'-bisindolyl(phenyl)methane (3a) (

3,3'-((4-methylphenyl)methylene)bis(1H-indole) (3b) (
3,3'-((4-methoxyphenyl)methylene)bis(1H-indole) (3c) (
3,3'-((4-nitrophenyl)methylene)bis(1H-indole) (3f) (
3,3'-((4-chlorophenyl)methylene)bis(1H-indole) (3h) (
3,3'-((4-cyanophenyl)methylene)bis(1H-indole) (3n) (
3,3'-((3-pyridyl)methylene)bis(1H-indole) (3o) (
Results and Discussion
A model reaction was performed at room temperature for 6 hours and the corresponding 3,3'-bis(indolyl)phenylmethane was obtained in poor yield (34%). In the absence of catalyst, there is no product formed even after irradiating for 1 hour. While comparing the effect of various organic acids as catalysts, we found that succinic acid (Table 1 entry 5) yielded relatively higher amount of desired product with lower amount of the catalyst (10 mol% as standard) when compared with other organic acids tested such as picric, tannic, glutaric, ascorbic (Table 1) in shorter reaction time. This promoted us to go ahead with succinic acid as the best catalyst for the preparation of divergent bis(indolyl)methanes. The initial studies were focused on to optimize the reaction conditions for the synthesis of bis(indolyl)methanes by choosing benzaldehyde (1 mmol), indole (2 mmol), succinic acid (5 mol), water (5 mL) as model reaction under microwave (300 W) irradiation for 20 minutes to obtain the corresponding 3,3'-bis(indolyl)phenylmethane in 65% yield. In a search for higher yield we varied the amount of catalyst succinic acid at different molar quantities on model reaction and, satisfyingly maximum yield of the corresponding 3,3'-bis(indolyl)phenylmethane (96%) was obtained with (10 mol%) of the succinic acid (Table 2 entry 3) . Under conventional conditions, when the same reaction mixture was refluxed for 24 h, the corresponding product was obtained in 54% yield. Now with the optimal conditions in hand, we set about expanding the scope of different aldehydes like aromatic, aliphatic and heteroaromatic as suitable substrates to condense with indole to synthesize different derivatives of bis(indolyl)methanes with good to excellent yields ( Table 3 ). The nature of substituents on phenyl ring showed some effects on this conversion. In general electron deficient aldehydes such as nitro, N,N-dimethyl and so forth required longer reaction times to produce the corresponding bis(indolyl)methanes compared with those of their electron rich counter parts (Table 3 entries 2, 3, 5, 7, 8, 9) . Cinnamldehyde (Table 3 entry 11) , p-hydroxybenzaldehyde also produced good yields without undergoing polymerization or isomerization. Heteroaromatic aldehydes, for example, pyridine-3-carboxaldehyde (Table 3 entry 15) , thiophene-2-aldehyde (Table 3 entry 16), furfuraldehyde  (Table 3 entry 17) reacted well without formation of any side products under the present reaction conditions giving the corresponding bis(indolyl)methanes in good yield. Fortunately, acetaldehyde, 2-butyraldehyde, cyclohexanal gave the corresponding bis(indolyl)methanes in good yields (Table 3 entries 18, 19, 20) . All the products were well characterized by 1 H-NMR, mass spectral analysis and found to be identical with those reported in the literature. Similar attempts to form bis(indolyl)methanes from ketones, unfortunately, failed to afford any reaction and simply resulted in the recovery of starting material. Possible explanation could be the reactivity difference of aldehyde and ketone functional groups. Some experiments were made to study the efficacy of succinic acid catalyzed selective synthesis of corresponding bis(indolyl)methanes from ketones. For example, the reaction of a mixture of acetophenone (1 mmol) and benzaldehyde (1 mmol) with indole (2 mmol) afforded the corresponding benzaldehyde derived bis(indolyl)methane exclusively, even after irradiation for 35 minutes. Likewise, the reaction of a mixture of benzaldehyde (1 mmol) and cyclohexanone (1 mmol) with indole (2 mmol) also yielded the corresponding benzaldehyde condensed product chemoselectively (Scheme 2). As a result, it seems that the present condition is suitable for aldehydes only. In order to show the efficiency and generality of the present succinic acid catalyzed protocol, the results have been summarized in Table 4 , comparing with the recently reported results in the literature. The protocol described in this study is comparatively better in terms of low cost, highly efficient, nontoxic, environmentally friendly readily available, organocatalyst and water as green solvent. Entries 8 and 10 (Table 4) are comparable with our catalyst efficacy, although, availability of the ionic liquids is less and expensive compared to the readily available cheap succinic acid. The reaction most probably proceeds initially activation of aldehyde by the catalyst to undergo electrophilic substitution reaction at C-3 of indole and, after loss of water to produce azafulvenium salts. The formed azafulvenium salt then undergoes further addition with second indole molecule to afford bis(indolyl)methane derivatives. 17, 42 
Conclusion
In conclusion, a strategy using succinic acid in water under microwave irradiation has been developed for electrophilic substitution reactions of indoles with aldehydes giving bis(indolyl)metahnes in good to excellent yields (78-96%). This procedure accomplished production of bis(indolyl)meythanes in conditions comparatively better in terms of low cost, high efficiency, nontoxicity, environmentally friendly readily available organocatalyst and water as green solvent. The present reaction condition is suitable for aldehydes only, providing chemoselectivity in the presence of ketones.
